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In the fall of 1962 nuclear devices exploded near Johnston Island on October 20 and 20, 
and November 1 produced phase perturbations of very-low-frequency radio waves moni- 
tored at APL/JIIU. For the event of October 20, and in regard to the VLF transmission 
from NBA in Balboa, Panama, as received at A PL, the perturbation has a temporal varia- 
tion attributable to trapped 0-rays from the radioactive 4 decay of neutrons. The artificial 
belt of /3-rays forms around the geomagnetic meridian through the burst point. As the 
stream drifts eastward in its first global circuit an energy dispersion occurs because the 
more energetic particles also have a larger azimuthal drift velocity. The attendant per- 
turbations along VLF propagation paths remote from the detonation area have a temporal 
variation in accord with that of the energy of the trapped /3-ray stream passing over the 
VLF path. The work on this event, confirms the results of an earlier study which contained 
an uncertainty due to the presence of a natural disturbance, a disturbance which apparently 
did not especially affect the region herein treated. The VLF perturbations due to the 
bursts of ( October 20 and November I were relatively small but the former event did produce 
a disturbance also consistent with the idea that the cause resides in trapped /3-rays from the 
decay of neutrons. 



1. Introduction 

Nuclear explosions above the earth's surface 
produce a variety of ionospheric disturbances, 
including modifications in the velocity of propaga- 
tion of a VLF (very-low-frequency, 3-30 kc/s) radio 
signal. At propagation paths exposed to direct 
electromagnetic and particle radiation from the 
burst the VLF perturbations appear practically 
instantaneous with the burst and stem primarily 
from X-rays, 7-rays, and /3-rays [Crain and Tamarkin, 
1961; Jean and Crombie, 1962; Latter, Herbst, and 
Watson, 1961]. At points sufficiently distant to be 
screened from the direct burst-effects by the earth 
and its atmosphere, the VLF disturbances may be 
sudden and occur within a few seconds of the 
detonation, or delayed and occur minutes or tens of 
minutes after the explosion. 

The sudden remote VLF disturbances were first 
considered by Crain and Tamarkin [1961] who pro- 
posed as the ionizing agents /3-rays from the radio- 
active decay of neutrons: the neutrons from the 
burst are unaffected by the geomagnetic field, can 
travel large distances in times of a few seconds, and 
can deposit their decay products on field lines that 
channel the charged but essentially untrapped 
particles, particularly the /3-rays, into the VLF 
propagation region where they produce ionization. 

1 This work was supported by the Bureau of Naval Weapons, Department of 
the Navy; under Contract NOw 62-0T>04-c and by the Geophysics Research 
Directorate, Air Force Cambridge Research Laboratories. 



The delayed remote VLF disturbances stein from an 
enhancement of atmospheric ionization due to 
geomagnet icallv trapped particles which drift from 
the burst region to the VLF propagation path 
[Zmuda, Shaw, and Haave, 1963a; Haave, Zmuda, 
and Shaw, 1962; Willard and Kenney, 1963; Wood- 
ward and Gassmann, 1963; Zmuda, Shaw, and 
Haave, 1963b; Kiedler, Egeland, Lindquist, Peder- 
sen, 1963]. 

For delayed VLF perturbations at remote dis- 
tances, Zmuda, Shaw, and Haave [1963a] may have 
given the first extensive treatment on VLF disturb- 
ances related to an artificial radiation belt. Some 
characteristics treated were initial formation of the 
belt, the energy spectrum and azimuthal drift of 
trapped /3-rays, the energy dispersion in the belt as 
the particles make their first global orbit , and finally 
the close temporal correlation between the VLF dis- 
turbance and the relative amount of energy of the 
trapped radiation over the VLF path. The energy 
spectrum of the /3-rays determines in a sensitive 
manner the connection between the trapped radia- 
tion belt and properties of the VLF disturbance such 
as the time of onset, maximum, and periods of in- 
crease, decrease, and recovery. For the nuclear 
explosion of July 9, 1962, the trapped particles were 
/3-rays with a spectrum similar to that from the decay 
of fission fragments. The satellite data of O'Brien, 
Laughlin, and Van Allen [1962] constituted the first 
observation of this trapped belt whose characteristics 
still are lacking adequate definition [Brown, Hess 
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and Van Allen, 1963]. Zmuda, Shaw, and Haave, 
[1963a] and Woodward and Gassmann, [1963] treated 
the associated VLF perturbations. 

For the nuclear burst of October 26, 1962, the 
VLF disturbance along the VLF path from station 
NPM in Hawaii to Anchorage, Alaska, had a chronol- 
ogy which at least suggested the presence of trapped 
electrons with a spectrum characteristic of that from 
the radioactive decay of neutrons [Zmuda, Shaw, 
and Haave, 1963b], a spectrum readily distinguish- 
able from that of fission betas. As noted in the 
referenced publication this early work was clouded 
by the presence of a natural ionospheric disturbance. 
In an attempt to expand on the question of neutron- 
decay betas and the VLF disturbance of October 26 
1962, and to minimize the effect of the natural 
disturbance, we here consider the VLF perturbation 
of the signal from station NBA in Balboa, Panama, 
as received at APL/JHU. This propagation path 
lies in the main at latitudes considerably lower than 
those heretofore treated and in an area where the natural 
effects are in general considerably reduced from those 
existing at high latitudes. In addition, the VLF 
disturbances associated with the nuclear detonations 
of October 20 and November 1 in 1962 are herein 
treated. 

2. Brief Review of Some Basic 
Characteristics 

For clarity of the present development it is worth- 
while to review briefly some of the basic considera- 
tions discussed at greater length in earlier publica- 



tions. Figure 1 shows the transmitter locations, the 
receiver sites at APL/JHU and Anchorage, Alaska, 
and the VLF propagation paths superposed on the 
contours of the magnetic induction B and of Mcll- 
wain's L [1961]. The B-L contours are for an alti- 
tude of 100 km and were prepared by the Dasa Data 
Center/Dasa Computing Center, General Electric 
Company, Santa Barbara, Calif. Some pertinent 
station characteristics are listed in table 1 and are 
later also discussed. 

In the mode theory of VLF propagation (Wait, 
1959 and 1963) the signal is considered to propagate 
in the spherical waveguide formed by the earth's 
surface and the lower ionosphere whose effective re- 
flecting height varies between 70 and 90 km, respec- 
tively, for all-daylight and all-darkness conditions 
over the path. In practice the phases of the stabilized 
VLF transmissions are measured with respect to a 
local reference oscillator with the changes frequently 
described in terms of the relative time-of-arrival of 
the VLF signal, with arrival-time magnitudes gen- 
erally of the order of tens of microseconds. (The 
APL facility is described by Shaw and Haave [1962].) 
The VLF signal undergoes a normal diurnal variation 
due to the effects of photo-ionization [Pierce, 1955; 
Wait, 1959; Blackband, 1963]. After nuclear deto- 
nations, VLF phase perturbations often stem from an 
enhancement of ionization produced by burst-related 
electrons with sufficient energy to penetrate through 
the upper atmosphere to the VLF propagation re- 
gion; considering an altitude of 90 km, the electron 
energy must exceed 50 kev. 




Figure 1. The VLF station locations and propagation paths superposed on the contours of the magnetic induction B, the dashed 

curves, and of Mcllwain's L, the solid curves. 

The B and L contours are for an altitude of 100 km and were prepared by the Dasa Data Center/Dasa Computing Center, General Electric Company, Santa 
Barbara, Calif. 
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Table 1. Some characteristics of stations and VLF transmissions 





Station 


Transmitter 
frequency 


Distance 
from 

Johnston 
Island 


Geographic 
coordinates 


Geomagnetic 
coordinates 


Call 


Location 


N. Lat. 


W. Long. 


N. Lat. 


W. Long. 


NPG 


Jim Creek, Washington 

Balboa, Panama. _ 


kc/sec 
18.6 
18 
20 
19.8 


k m 

5500 
9600 
6600 
1400 
9100 


47 
09 
40 
21 
39 
17 


123 
80 

106 

158 
77 

170 


53 
21 
49 
21 

51 
14 


66 


\ i ; \ 


12 


WWVL 


Boulder, Colo 

Lualualei Hawaii 

Howard County, Md._ 


44 


NPM 


94 


APL/JHU_.. 




10 


JOHNSTON ISLAND 






104 













If an artificial radiation belt forms in the vicinity 
of the detonation, the charged particles drift azi- 
muth ally due to the curvature and inhomogeneity 
of the geomagnetic field [Alfven, 1948; Spitzer, 
1959]. Figure 2 shows the eastward drift velocities 
for electrons mirroring at 80 km altitude and for 
various geomagnetic latitudes computed for the 
dipole field using the expressions of Hamlin, Karplus, 
Vik, and Watson [1961]. Though the drift is for 
altitudes of 80 km, it is essentially unchanged for 
particles mirroring as high as 1,000 km. Note 
that (1) for a fixed particle energy, the drift velocity 
increases with geomagnetic latitude, and (2) for a 
fixed latitude, the drift velocity increases practically 
linearly with energy. 

About one neutron per fission escapes the bomb 
device which produces about 1.5X10 23 fissions per 
kilo ton fission explosion [Latter, Herbst, and Watson, 
1961]. The free neutron decays with a half -life 
of about 13 min into a proton, 0-ray, and neutrino; 
the proton kinetic energies are nearly those of the 
parent neutrons, which generally have maximums 
of the order of 1 to 10 Mev [Gladstone, 1962]. The 
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Figure 2. The longitudinal drift of trapped (3-rays mirroring 
at an altitude of 80 km for various geomagnetic latitudes. 



solid curve in figure 3 depicts the shape of the /3-ray 
spectrum for the relative number of 0-rays per unit 
energy interval, from the well-known theory of 
Fermi as treated in Evans [1955]. The curve has 
a maximum for a /5-ray of energy 0.25 Mev and an 
endpoint energy of 0.7S Mev, an energy correspond- 
ing to that derived from the mass difference between 
the neutron and the proton. Now the atmospheric 
ionization, and hence the associated VLF disturb- 
ance 4 , depends on the energy deposited at the altitudes 
of interest (with an electron losing 33 ev of energy 
for each electron-ion pair created). As a con- 
sequence, it is necessary to consider primarily the 
relative /3-rav kinetic energy per unit interval 
determined by multiplying the data in the number 
spectrum by the midpoint of the relevant energy 
interval. The resultant values are shown in figure 
3 as the dashed curve, which has a maximum for 
0-rays of energy 0.37 to 0.42 Mev. 

While the data in figure 3 are for /3-rays from a 
neutron at rest, the endpoint energy and the major 
portion of the spectrum, with emphasis on thchigher 
energies, are essentially unchanged for jtf-rays from 
neutrons with energies comparable to those expected 
from nuclear reactions: adding the neutron velocity 
relativist ieally to that of the /3-ray changes the 
latter only by a relatively small amount. It is 
important to emphasize that the neutron-decay 
£-ray spectrum is drastically different and hence 
readily distinguishable from that for /3-rays from the 
decay of fission fragments. Fission betas have, for 
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Figure 3. Energy spectrum of fi-rays from the radioactive 
decay of neutrons at rest. 
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example, energies extending out to at least 8 Mev 
and contain large, if not predominant, quantities 
of particles with energies exceeding the endpoint 
energy of 0.78 Mev for neutron-decay /5-rays. 
These fission betas were important in the delayed 
VLF effects produced after the high-altitude explo- 
sion of July 9, 1962 [Zmuda, Shaw, and Haave, 
1963a]. 

3. NBA-APL Disturbance on October 26, 
1962 

Figure 4 shows the diurnal variation of the NBA 
signal as received at APL/JHU for the Greenwich 
days of October 24, 25, and 26 in 1962. (This propa- 
gation path lies practically along a geomagnetic 
meridian.) The daily values are normalized with 
respect to that existing at 1000 UT, a time which on 
the burst date of October 26 corresponds to the time 
of detonation. The total variations for October 24 
and 25 are characteristic of the normal, quiet-day 
changes for this season. During the period 0200 UT 
to about 1040 UT the total path lies in darkness, 
with the variations in signal arrival-time of the order 
of 1 or 2 /xsec in magnitude. The sunrise decrease in 
signal arrival-time (or advance in signal phase) com- 
mences at about 1040 UT and continues until about 
1200 UT, with a total decrease in arrival-time of 
about 40 Msec. After 1200 UT and while the total 
path is in daylight, the propagation time stays rela- 
tively constant until the sunset phase retardation 
begins about 2200 UT and ends about 0200 UT on 
the next day. For the NBA-APL path, through the 
application of Wait's [1959] first-order theory, a de- 
crease of 1 /xsec in signal arrival-time (or an advance 
in signal phase of 6.5°) corresponds to a lowering of 
the effective ionosphere height of about 0.8 km. 

On October 26, the VLF variation in the period 
0300 UT to 0800 UT is depressed by about 5 ^sec, in 
relation to the variation for the preceding nights. 
The direct cause for this deviation is currently un- 
known, although it is relevant to note that an exami- 
nation of middle-latitude magnetograms indicate the 
existence of small ionospheric disturbances during 
this period. In the pre burst period 0900 UT to 1000 
UT, as well as the post-burst period until about 1010 
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UNIVERSAL TIME (HOURS) 

Figure 4. The diurnal changes in the arrival-time of the NBA 
signal at 18 kc/s, as received at APL/JHU on October 24, 

25, and 26 in 1962. 

The nuclear detonation occurred at 1000 UT on October 26. 



UT (when the burst-related perturbation begins), 
the signal arrival-time is essentially constant indi- 
cating the absence of any VLF perturbations. The 
period around the burst time is subsequently dis- 
cussed in detail and for the present purpose it suffices 
to add now that from the start of the sunrise transi- 
tion, at 1040 UT, until 1700 UT when APL tempo- 
rarily discontinued monitoring NBA, the VLF phase 
changes for October 26 were essentially equal to 
those found on the undisturbed days, October 24 
and 25. It is of prime significance that for the 70- 
min period immediately before the burst-connected 
VLF disturbance, quiet-day characteristics exist over 
this propagation path. Thus, the uncertainty asso- 
ciated with the analysis of the NPM to Anchorage 
disturbance [Zmuda, Shaw, and Haave, 1963b] may 
be reasonably excluded from the present considera- 
tions. 

The detailed VLF perturbations occurring in the 
epoch near the burst are indicated by the solid 
curve of figure 5a which also contains for comparison 
the variations for the comparable period on October 
25, a characteristic quiet-day variation. In this 
figure the time £=0 corresponds to 1000 UT which, 
as previously noted, is the burst time on October 26, 
1962. On the day of the nuclear detonation, as 
previously noted, the VLF propagation time re- 
mained practically constant, varying by at most 1 
/xsec in the observation period — 60<j£<O0 min, a 
period which contained a normal interruption of the 
NBA transmission in 4<^<C7 min. At about 10 min 
after the burst, the signal arrival-time begins a slow 
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Figure 5. The solid curve in the top figure shows the changes in 
arrival-time of the NBA to APL transmission for the period 
around the time of the b-xrst, 1000 UT on October 26, [1962, a 
time taken as t = 0. 

The dashed curve in the ton figure indicates a characteristic quiet-day variation 
for a comparable period. The bottom figure illustrates the temporal change in 
the energy of trapped neutron-decay 0-rays drifting over NBA and APL, and the 
times when individual 0-rays are overhead. 
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gradual decline with the decrease steepening at about 
£=13 min and reaching a broad flat maximum 
depression of 14 jusec in 27<£<34 min. The signal 
arrival-time then starts a recovery towards the 
normal nighttime value until about £=40 when sun- 
light illuminates the propagation path. After the 
sunrise transition the effects of atmospheric ionization 
by solar radiation obscure whatever remain of the 
ionizing effects due to the nuclear burst. 

The temporal variations of the VLF signals from 
NBA to APL are consistent with the model proposed 
in our earlier work relating to this nuclear event. 
In general, the delayed VLF disturbance on this 
date stems from an enhancement of ionization 
produced in the VLF region by neutron-decay beta 
rays temporarily trapped in the geomagnetic field. 
We consider that a belt of these particles forms in 
the geomagnetic meridian through the burst point. 
As the stream of /3-rays drifts eastward an energy 
dispersion occurs because the azimuthal drift rate 
varies essentially directly with particle energy and, 
as a consequence, the more energetic particles move 
faster eastward (in addition to traveling faster along 
the field lines) . Some particles in the drifting stream 
have pitch angles permitting penetration to the 
lower ionosphere where, through collisions with the 
atmospheric constituents, an enhancement of ioniza- 
tion is produced with attendant disturbances such as 
phase perturbations of VLF signals. Viewed from a 
fixed point such as one or the other of the terminal 
points on the NBA-APL path, the overhead energy 
of the trapped stream changes chronologically in a 
manner fundamentally dependent on the energy 
spectrum of the /3-rays. 

In addition to placing the radiation belt initially 
(that is, at £=0) in the geomagnetic meridian 
through the burst point, consider also that the 
latitudinal extent at formation at least encompasses 
a range equaling that spanning the terminal points 
of this path. (We later return to the question of the 
latitudinal and longitudinal width of the belt at 
formation.) For a trapped stream in its first orbit- 
around the world, figure 5b shows the relative amount 
of the stream energy overhead at NBA and APL at 
any instant as well as the times when singular /3-rays 
are over the station. Recalling that for a fixed 
particle energy the drift velocity increases with 
latitude, one determines that the first contact of the 
stream with the VLF path occurs 11 min after the 
burst. At this time the 0.78 Mev betas drift across 
APL, their crossing being practically coincident 
with the onset of the VLF perturbation. The 
first contact at lower-latitude points occurs at £>11 
and culminates in the passage at t=20 min of the 
0.78 Mev betas over NBA. 

Since a decrease in VLF signal arrival-time in the 
present case corresponds to an increase in the VLF 
perturbation and, if we defer for the moment 
consideration of the period 10<Z<20 min, the 
temporal variation of the stream energy over NBA 
is in accord with that of the VLF disturbance, in the 
interval 20<£<43 min. Beyond £=20, the over- 
head particle energy and the VLF disturbance both 



increase to practically coincident maxima and then 
simultaneously decrease in 37<^<33, a period after 
which the burst effects are obscured by the contribu- 
tion of ionization due to sunlight. 

The VLF disturbance in 10<£<20 undoubtedly 
results from ionization due to /3-rays drifting at 
latitudes north of NBA. In an attempt to bracket 
the latitudinal extent of the trapped radiation, we 
plot (as previously noted) the overhead energy at 
APL assuming the absolute amount of this energy, 
whose magnitude is currently unknown, equals that 
over NBA. Considering the present data alone, 
there is no compelling reason for reducing the over- 
head energy of APL relative to NBA, although there 
may be a hint for reduction. As discussed earlier, 
there is good agreement in the period 20<^<43 be- 
tween the ten lporal variation of the VLF disturbance 
and the overhead stream energy at NBA. For this 
period this correlation indicates the dominance of the 
ionization in regions near NBA to the relative ex- 
clusion of that for regions north of NBA. Beyond 
the present data, as pointed out in a previous paper 
(Zmuda, Shaw, and Haave, 1963b) no VLF pertur- 
bation appears in the transmission from station NPG 
in Jim (Veek, Washington, as received at APL 
a path which lies totally within the geomagnetic 
latitude range of 51° to 53°N. This absence appears 
to be irreconcilable with the presence of large 
amounts of trapped radiation at the latitudes of 
APL or NPG. 

In general, the totality of factors at least suggest 
that in relation to the NBA-APL path, the trapped 
radiation (and hence the ionization producing the 
VLF disturbance) decreases in going northward 
from NBA and is small but significant at APL, 
significant in view of the simultaneity of the onset of 
the VLF disturbance and the arrival over APL of 
the 0.78 Mev betas. (In going southward from 
NBA, the radiation probably increases until the burst 
latitude of 14° geomagnetic is reached, after which it 
starts decreasing.) With regard to the longitudinal 
extent of the trapped radiation at the time of the 
formation of the belt, the geomagnetic width prob- 
ably has an upper limit of 5° to 9°. This estimate 
(which can be readily improved in future work) is 
derived by multiplying the uncertainty of our time 
resolution, about a minute, by the drift rate of the 
0.78 Mev betas at the latitudes of NBA and APL, 
respectively 4.7 and 8.5 deg per minute. (It is, 
of course, obvious that the longitudinal extent of the 
belt broadens with time after the burst, and if the 
particle lifetimes are sufficiently long, the trapped 
radiation ultimately encircles the world.) 

It is significant to note that the VLF perturbation 
along the NBA-APL path has temporal variations 
discordant with those that would have been produced 
if the trapped particles were /3-rays from the radio- 
active decay of fission fragments, /3-rays whose energy 
spectrum differs considerably from that of neutron- 
decay betas. For example, fission betas have ener- 
gies extending to at least 8 Mev, considerably in ex- 
cess of the endpoint energy, 0.78 Mev, from a jft-ray 
from the radioactive decay of neutrons. Fission 
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betas dominated in the artificial belt formed after the 
high-altitude nuclear explosion of July 9, 1962, and 
produced a delayed VLF disturbance along the same 
NBA-APL path herein discussed [Zmuda, Shaw, 
and Haave, 1963a]. Applying the July results to 
the present case leads to the expectation that if the 
belt of October 26 contained predominantly fission 
betas, then the VLF disturbance would, for example, 
have had an onset and a maximum respectively 2 
and 6 min after the burst. This is contrary to the 
observation that the burst-related VLF perturbation 
has an onset and maximum respectively at 10 and 
about 30 min after the burst. The current elimina- 
tion of fission betas from the radiation belt of October 
26, 1962 expands an earlier similar suggestion result- 
ing from the analysis of the VLF disturbance along 
the path from NPM in Hawaii to Anchorage, Alaska 
[Zmuda, Shaw, and Haave, 1963b]. 

4. Nuclear Detonation of October 20, 1962 

At approximately 0830 UT on October 20, 1962 a 
low-yield range device was detonated below the iono- 
sphere at an altitude of tens of kilometers in the 
vicinity of Johnston Island (AGIWARN message of 
October 20, 1962). The detonation produced phase 
perturbations of several of the VLF transmissions 
which are normally monitored at APL and Anchor- 
age, Alaska. The solid curves in figure 6 show for 
the period around the burst time, the changes in 
signal arrival-time for various propagation paths. 
For comparison, the dashed curves in this figure 
show the quiet-day variations for a comparable 
period, with the dotted portions indicating the periods 
of normal, scheduled interruptions of transmissions. 
It is relevant to note that, in data not shown here, 
there were no burst-related perturbations of the 
VLF signal from WWVL in Boulder, Colo., as re- 
ceived at APL. 




> 

o 



> 

i- 
< 



O 20 40 

TIME IN MINUTES 



Figure 6. 



VLF perturbations related to the nuclear detonation 
of 0830 UT on October 20, 1962. 



The solid curves show the variations for a period around burst-time, t=0; the 
dashed curves show quiet-day variations for a comparable period. 



The perturbations of the NPM transmission as 
received at both APL and Anchorage start essentially 
simultaneously with the detonation, reach maximal 
deviations 2 min after the burst and then slowly 
recover to their preburst levels. In these disturb- 
ances there are no clear-cut indications of any 
delayed VLF perturbations ascribable to trapped 
iS-rays, although the maximum deviation at t=2 and 
the subsequent slow recovery is suggestive of effects 
due to trapped radiation. Undoubtedly, ionization 
in the vicinity of NPM produced by electromagnetic 
and untrapped-particle emission from the burst con- 
tribute in large measure to these disturbances. The 
NPG-APL data pertinent to the detonation were 
recorded only during the period — 1<^<17 mm but 
with instrumentation whose time resolution was 0.2 
sec, in contrast to the other data, where a time 
resolution of about a minute exists. The NPG-APL 
perturbation (occurring on a path displaced by 5,500 
km from the burst region) is small but readily dis- 
cernible. It begins practically simultaneously with 
the burst and reaches a maximum about 0.6 min 
after the burst. The small, practically instantane- 
ous, pulse of the VLF perturbation probably stems 
from essentially-untrapped /3-rays carried to the 
remote VLF region by neutrons, as in the model of 
Crain and Tamarkin [1961]. 

The perturbation of the NBA transmission is so 
small that it ordinarily would be overlooked and, in 
any circumstance, cannot be taken alone as indicative 
of burst-related phenomena. However, it is worth 
noting that the disturbance has temporal character- 
istics totally compatible with the idea that some 
trapped neutron-decay betas drift from Johnston 
Island to the region near the NBA terminal, 9,600 
km distant, to produce the slight VLF perturbations. 
For example, with the energy and drift characteristics 
previously discussed, the NBA-APL disturbance has 
an onset 20 min after the burst, a time corresponding 
to the drift time from the burst region to NBA of 
0.78 Mev betas, the endpoint-energy 0-ray from 
neutron decay. In addition, the subsequent increase, 
broad maximum, and ultimate recovery of the VLF 
perturbations occur in periods generally consistent 
with those expected from a stream of drifting /3-rays, 
as shown in the overhead energy curve for NBA in 
figure 5b. 

5. Nuclear Detonation of November 1, 1962 

At 1210 UT on November 1, 1962, a submegaton 
yield range device was detonated at an altitude of 
tens of kilometers in the vicinity of Johnston Island 
in the Pacific (AGIWARN message of November 
1 , 1 962) . The explosion produced the VLF variations 
shown in the solid curves of figure 7 ; for comparison, 
the dashed curves represent the VLF changes for a 
comparable period but on an adjacent quiet day. 
Both sets of curves are normalized with respect to 
the value existing at 1210 UT in their respective 
dates, a time taken as £ = 0. 

For the NPM transmission as received at both 
APL and Anchorage, and for the NPG signal as 
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Figure 7. VLF perturbations related to the nuclear detonation 
of 1210 UT on November 1, 1962. 

The solid curves show the variations for a period around burst-time, t=0) the 
| dashed curves show quiet-day variations for a comparable period . 

received at APL, the VLF disturbances for this 
i event generally resemble (alt bough of shorter dura- 
tion) those for October 20 and probably have similar 
origins. There are no significant perturbal ions of t he 
WWVL and NBA signals received at APL; these 
latter data are not reproduced here but it is worth 
noting that the sunlight contribution probably 
obscured the nuclear effects over the WWVL APL 
land NBA APL paths. 
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